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A B S T R A C T
Cities tend to be built in areas of high biodiversity, and the accelerating pace of urbanization threatens the
persistence of many species and ecological communities globally. However, urban environments also oﬀer un-
ique prospects for biological conservation, with multiple beneﬁts for humans and other species. We present
seven ecological principles to conserve and increase the biodiversity of cities, using metaphors to bridge the gap
between the languages of built-environment and conservation professionals. We draw upon John Ruskin's fa-
mous essay on the seven lamps of architecture, but more generally on the thinking of built-environment pioneers
such as Patrick Geddes (1854–1932) who proposed a synoptic view of the urban environment that included
humans and non-humans alike. To explain each principle or ‘lamp’ of urban biodiversity, we use an under-
standing from the built-environment disciplines as a base and demonstrate through metaphor that planning for
the more-than-human does not require a conceptual leap. We conclude our discussion with ten practical stra-
tegies for turning on these lamps in cities. Urban planners, architects, landscape architects, engineers and other
built-environmental professionals have a key role to play in a paradigm shift to plan for the more-than-human,
because of their direct inﬂuence on the evolving urban environment. This essay is intended to increase dialogue
between ecologists and members of these professions, and thus increase the biodiversity of cities around the
world.
1. Introduction
As humans increasingly live in cities and chaotically dominate
Earth's natural processes through planetary urbanization (Brenner,
2014), there is a need to inspire those who control and plan cities to
consider the more-than-human – the other species with which we share
our urban spaces (Maller, 2018; Rupprecht, 2017). For urban citizens of
the nineteenth century, acknowledging other species was a practical
necessity given that much of life in cities was powered by animals
(Atkins, 2012; Taylor, Butt, & Amati, 2017), while at various stages
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during the twentieth century, ecological considerations have inspired
broader thinking about urban environments (Braun, 2005). Prominent
applications of ecologically sensitive principles to spatial planning in-
clude Frederick Law Olmsted's design of urban parks in the USA
(1863–1903) (Olmsted, 1997) and the combination of ecology with
early town planning by Patrick Geddes (1915) to invent regional
planning. The latter's ideas were interpreted and further elaborated by
Jaqueline Tyrwhitt (1905–1983) (Tyrwhitt, 2015). More recent ex-
amples include designing with nature from Ian McHarg (1969), Anne
Whiston-Spirn's (1984) visionary demonstration of the role of biota in
place-making, and Jack Ahern's ABC model linking the abiotic, biotic
and cultural functions of cities (Ahern, 2007). Modern planning ap-
proaches such as landscape urbanism, ecological urbanism and ecolo-
gical landscape urbanism also highlight the importance of integrating
nature and natural processes into city planning (Mostafavi & Doherty,
2016; Steiner, 2011; Waldheim, 2012).
The potential to consider the more-than-human has been a latent
part of urbanization. Cities and towns were historically built in pro-
ductive landscapes, with a range of natural resources available to
support their human population (Luck, 2007). These landscapes also
tended to support high levels of biodiversity (Ives et al., 2016; Kuhn,
Brandl, & Klotz, 2004; Vačkář, Chobot, & Orlitová, 2012). A correlation
between human-population density and biodiversity is still apparent
today, with people preferentially settling in species-rich areas (Cincotta,
Wisnewski, & Engelman, 2000; Luck, Ricketts, Daily, & Imhoﬀ, 2004).
Physical urbanization such as land-use change has likely caused the
local extinction of thousands of species throughout human history, even
without considering regional and planetary eﬀects over the longer term.
For example, McDonald, Kareiva, and Forman (2008) estimated that
420 species (8%) of those included on the IUCN Red List were threa-
tened by urbanization, while a recent study of birds and plants from 54
cities around the world revealed substantial declines in the species
richness of both groups following urban development (Aronson et al.,
2014).
However, planetary urbanization and planning for the more-than-
human may remain as abstract ideas, especially when compared to the
day-to-day, mundane aspects of running a city's processes and nego-
tiating land uses. In addition, much of planning theory privileges a
human-centric view of the world, deepening the eco-social crisis at the
heart of the Anthropocene (Houston, Hillier, MacCallum, Steele, &
Byrne, 2017). In this article, we extend the work of Houston et al.
(2017) to develop language about planning for the more-than-human
through the use of metaphor, a well-known means of communicating
and acquiring new abstract concepts (Jamrozik, Mcquire, Cardillo, &
Chatterjee, 2016). In planning theory, metaphors have been used to
analyze the uptake of abstract ideas such as complexity theory
(Chettiparamb, 2006). Our aim is to use a set of relational metaphors to
aid understanding and form a bridge between the lived experiences of
urban decision-makers and the abstract idea of planning for the more-
than-human, by providing a range of tools to increase biodiversity in
urban environments. Each relational metaphor contains a target and a
base, which share relations or systems of relations with each other
(Jamrozik et al., 2016). For example, in the statement “the city is an
organism”, the equipment for pumping and supplying water around the
city (the base) shares the same set of relationships as the work of the
circulatory system in a living creature (the target). In fact, some me-
taphors, such as those of the organism (sensu Clements, 1916), have
separate but parallel histories in the planning and ecological literature.
Eﬀectively incorporating and conserving biodiversity in urban
landscapes requires input from a wide range of disciplines (Ahern,
2013). Built-environment professionals such as planners, architects,
landscape architects and urban designers have a central role to play in
the persistence of urban biodiversity because of their direct inﬂuence
on the evolving form and fabric of the urban environment. While
crossing boundaries is a challenge, a shared common language and
world view are important ﬁrst steps. The framework we apply to guide
our use of metaphors is drawn from the architectural critic John Ruskin
(1819–1900) whose famous essay, The Seven Lamps of Architecture, as-
sociates each of seven lamps with a character and a principle to guide
architectural practice (the lamps of sacriﬁce, truth, power, beauty, life,
memory and obedience; Ruskin, 1849). Ruskin's essay is one of the
foundational texts in modern architecture, acting as an inspiration for
the Arts and Crafts Movement and forming the groundwork of an or-
thodoxy that persists today (Roberts, Hague, Roberts, & Punter, 2002).
Ruskin's work has also had an important inﬂuence on the discipline of
urban planning (e.g., Lang, 1993; Parker, 2004). Here, we present seven
ecological lamps (or principles) as a series of targets to metaphorically
bridge the human and the more-than-human in cities. We then describe
how concepts from one or more built-environment disciplines form a
base to understand the corresponding ecological principle or target.
2. The seven lamps of planning for biodiversity in the city
2.1. The ﬁrst lamp: protection
The ﬁrst principle or lamp of urban biodiversity is to identify and
protect areas of high biodiversity (both current and potential) in and
around cities (McKinney, 2002). While areas with lower biodiversity
are also valuable, we cannot preserve everything in mixed-use urban
landscapes and must focus in the ﬁrst instance on areas where we have
the most to lose (or the most to gain). It is rarely possible to recreate
entire ecological communities or ecosystems once they are lost, and it is
often more eﬀective to keep existing biodiverse areas than to attempt to
recreate them in the future (Jackson & Hobbs, 2009). Such areas may
include patches of remnant vegetation, wetlands, drainage lines and
rocky outcrops, or larger green spaces containing varied habitat types
with both amenity and biodiversity value (e.g., Bekessy et al., 2012;
Threlfall et al., 2015). The valorization of remnant habitats supporting
high biodiversity is analogous to the preservationist history in planning
(Matless, 1998), which ﬁnds its contemporary expression in the work of
civil society groups such as the National Trust (ICOMOS (International
Council on Monuments and Sites), 1987; Table 1). Heritage sites can
come from any period, including important sites for First Peoples, co-
lonial buildings, or brutalist housing from the 1960s. In the same way,
sites supporting high current or potential biodiversity may include
Table 1
The seven lamps of planning for biodiversity in the city (metaphorical targets),
with analogous concepts from one or more built-environment disciplines (me-
taphorical bases).
Concepts (built-environment base) The seven lamps (more-than-human
target)
Heritage
1a. Low-impact development 1b. Protection of remaining ecological
assets and habitats
Mobility
2a. Walkability 2b. Connectivity of biological populations
and habitats
Heterophilia
3a. Designing a wide typology of
spaces
3b. Construction of diverse and complex
habitats to attract or retain biodiversity
Integrated water management
4a. Distributed and decentralized
systems
4b. Cycles that mimic natural ﬂows
Neighborhood theory
5a. Biophilic urbanism 5b. Interactions within and between
ecosystem elements
Health, safety and wellbeing of all
people
6a. Crime prevention through
environmental design
6b. Benevolence of urban infrastructure to
reduce negative impacts on biodiversity
Urban/industrial renewal
7a. New urbanism 7b. Novelty of urban ecosystems and
ecological communities
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features that are relatively pristine (in an ecological sense), but also
disturbed features such as golf courses, old quarries that have ﬂooded to
become wetlands, and areas of secondary forest.
2.2. The second lamp: connectivity
The second principle of urban biodiversity is to maintain or re-es-
tablish connectivity between areas of habitat to allow the movement of
animals and the propagules of fungi and plants (spores, pollen and
seeds) across the urban landscape (Kong, Yin, Nakagoshi, & Zong, 2010;
Lapoint, Balkenhol, Hale, Sadler, & van der Ree, 2015). Such movement
is important for the maintenance of genetic diversity and the long-term
persistence of populations and diverse ecological communities (Epps
et al., 2005; Saunders, Hobbs, & Margules, 1991). As adults, many
animals move daily and/or seasonally between patchily distributed
resources, while juveniles may disperse away from their natal site to
establish new territories. The movement of individuals between discrete
areas of habitat can help support viable metapopulations (groups of
populations separated in space but linked by dispersal), rescue de-
clining populations, and aid recolonization of vacant habitat (Ahern,
2013; Delaney, Riley, & Fisher, 2010; Vergnes, Kerbiriou, & Clergeau,
2013).
For built-environment professionals, connectivity is also considered
essential for mobility and urban viability (Ewing & Cervero, 2010), but
in a diﬀerent way. When judging connectivity for non-human species,
our moral motivations are framed in terms of population viability or its
converse, local extinction. Urban planning was brieﬂy used as a tool for
supporting population viability in the 1920s, for example in France's
experimental eugenic housing (Greene, 2012). However, when judging
human connectivity now, our moral motivations are more usually as-
sociated with justice. The idea of ‘rights to the city’ (Harvey, 2003) is
intimately connected to mobility (Cresswell, 2006). In cities that de-
monstrate inequitable access to certain areas – in the most extreme
cases, gated communities alongside informal settlements – the equiva-
lent of splitting contiguous habitat is known as ‘splintering urbanism’
(Graham & Marvin, 2001).
2.3. The third lamp: construction
The third principle of urban biodiversity is to construct ecological
features that can provide habitat for a range of plant and animal spe-
cies. Urban development can result in both an extensive loss of habitat
and a reduction in habitat complexity for many species of ﬂora and
fauna (Alberti et al., 2003; Grimm et al., 2008; Luck & Smallbone, 2011;
Paul & Meyer, 2001). The structural complexity of habitat encompasses
vertical and horizontal features across space and time, and provides
critical resources for organisms; even in human-altered landscapes,
high structural diversity increases animal diversity (Tews et al., 2004).
Consequently, to retain biodiversity, cities need to construct ecosystem
components that enhance not just the number but also the diversity of
spaces for species (Fig. 1a, b, h), including constructed habitat analo-
gues such as green roofs and walls (Kattwinkel, Biedermann, & Kleyer,
2011; Lundholm & Richardson, 2010; Melles, Glenn, & Martin, 2003;
Williams, Lundholm, & MacIvor, 2014). While construction, planning
and design are core concerns for built environment professionals, the
construction of ecological systems remains limited to a small part of the
profession. Landscape architects integrate complexity in their con-
structions for the purposes of both layering and aesthetics (e.g., Hes &
du Plessis, 2015), while planners improve the liveability of neighbor-
hoods with long-term, multi-year plans in which elements of com-
plexity gradually accumulate (Marshall & Bauer, 2013). This mirrors
the approach of ecological restoration projects that start with key ve-
getation elements and the expectation that other elements of biodi-
versity will establish as the restored area ages (e.g., Zhang, Han, Huang,
& Zou, 2013).
2.4. The fourth lamp: cycles
Water, nutrient and energy cycling are critical for sustaining eco-
system services and biodiversity; conversely, the ecosystem services
these cycles provide (such as clean water and the removal of pollutants)
depend on diverse biological communities (Andersson et al., 2014;
Cardinale et al., 2012; Pataki et al., 2011). Ecosystem cycles are often
dramatically altered in urban environments. For example, many cities
are marked by an excess of water because impervious surfaces such as
rooftops, paved roads and concrete footpaths generate large volumes of
runoﬀ after rainfall events. This water is then transported to local
streams and other receiving waters via stormwater-drainage systems
(Booth, Hartley, & Jackson, 2002; Imberger, Thompson, & Grace, 2011;
Roy et al., 2014; Walsh et al., 2005), rather than being cycled back to
the atmosphere via evapotranspiration after inﬁltration and storage in
catchment soils (Walsh, Fletcher, & Burns, 2012). Urbanization also
disrupts the cycling of organic matter in soils through the loss of topsoil
during construction (Booth et al., 2002) and removal of grass clippings
and leaves (Acosta, Faz, Martínez-Martínez, & Arocena, 2014; Craul,
1994). Managing biogeochemical cycles at the local scale to improve
biodiversity in urban environments is consistent with the long history of
considering urban metabolism in planning (Duvigneaud & Denayeyer-
De Smet, 1977; Wolman, 1965). More recently, urban planning has
moved towards decentralized, integrated management of waste, water
and energy (Novotny, 2013), and from a linear to a circular urban
metabolism (Kennedy, Cuddihy, & Engel-Yan, 2007; Kennedy, Pincetl,
& Bunje, 2011).
2.5. The ﬁfth lamp: interactions
Biological interactions including competition for resources, sym-
biosis, herbivory, predation, pollination and parasitism are important
processes that shape the biodiversity of a given location. For example,
strong predator-prey eﬀects can inﬂuence the abundance, biomass and/
or productivity of a species or functional group across multiple links in
a food web (Pace, Cole, Carpenter, & Kitchell, 1999). Urbanization may
disrupt interactions between species by reducing the abundance of top
predators such as large mammalian carnivores, which in turn leads to
an increase in the abundance of secondary, medium-sized predators
(Ritchie & Johnson, 2009) and a resulting decrease in populations of
primary predators and herbivores (Estes et al., 2011; Faeth, Warren,
Shochat, & Marussich, 2005). Pollination of ﬂowering plants is crucial
for the maintenance of native plant diversity in cities and for the suc-
cess of urban-farming initiatives such as private and community food
gardens (Normandin, Vereecken, Buddle, & Fournier, 2017; Threlfall
et al., 2015). A decline in the diversity and abundance of pollinators –
including native bees, butterﬂies, wasps and nectar-feeding birds –
across an urban landscape can lead to the local extinction of plant
species that depend on these pollinators (Pauw, 2007; Pauw & Hawkins,
2011). In the built environment, planners have a long history of en-
couraging interactions between people in cities. These include design-
based solutions, such as Jan Gehl's (2010) Cities for People. They also
include long-standing recognition of the importance of key sites for
human interaction, such as the street and the ‘daily ballet’ of informal
random interaction that it supports (Jacobs, 1961).
2.6. The sixth lamp: benevolence
One often-overlooked aspect of urban ecology is the importance of a
benevolent urban form. Urban infrastructure can have obvious adverse
eﬀects on biodiversity by increasing mortality (e.g., through wildlife-
vehicle collisions, or birds striking the windows of buildings), but in
many cases, negative impacts are more subtle. For example, artiﬁcial
light at night can interfere with circadian rhythms, sleep patterns and
navigation in animals (Gaston, Davies, Bennie, & Hopkins, 2012;
Witherington, 1992) while urban noise can hinder their acoustic
K.M. Parris et al. Cities xxx (xxxx) xxx–xxx
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communication (Brumm & Slabbekoorn, 2005; Parris & McCarthy,
2013; Parris, Velik-Lord, & North, 2009), with signiﬁcant cumulative
impacts (Halfwerk, Holleman, Lessells, & Slabbekoorn, 2011; Ogden,
2014; Rhodes et al., 2011). Although modern urban infrastructure
strives to be environmentally friendly through improved energy and
water eﬃciency, ‘green’ building codes do not necessarily consider or
provide beneﬁts for biodiversity (Kajikawa, Inoue, & Goh, 2011; Reed &
Krajinovic-Bilos, 2013).
Modifying current design practices and standards by incorporating
ecological knowledge and evidence can help mitigate impacts asso-
ciated with the hostility of built structures. ‘Softer’ urban structures can
provide, rather than restrict, habitat for animals and plants (Gunnell,
Grabt, & Williams, 2012) while simple modiﬁcations to the windows of
buildings can reduce bird strikes (Ogden, 2014). Similarly, built-en-
vironment professionals need to cater for the requirements of diﬀerent
groups in human society; for example, those who drive, those who walk
and those with impaired mobility. At its broadest, such an appreciation
engenders a call for “universal design” (Kose, 1998), yet this concept of
Fig. 1. Examples of planning for biodiversity in the city. a) Time and space: Louis Le Roy's Eco-Cathedral project in Mildam, The Netherlands. b) Careful control: In
Malmo, Sweden, new urban design succeeds in integrating natural systems into development. c) Designed replacement: The High Line project in New York. d) Visible
care: At a grassland in Melbourne, Australia, a fragile remnant is protected through visibly valuing the site and inviting community access. e) Great artiﬁce: This
portion of the Cheonggyecheon creek was previously beneath a freeway but now sees daylight. f) On the rural edge: The new development of Kronsberg in Hannover,
Germany, achieves its ecological goals in part by building at high density and including substantial green infrastructure, such as the green roofs pictured here. g)
Catalyst: Derelict land planted with sunﬂowers in Melbourne, Australia, creates a space for intense engagement with nature in an otherwise hostile urban landscape.
h) Urban style: A sophisticated appreciation of the possibilities of urban plantings is apparent in this streetscape from Barcelona, Spain.
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universalism does not currently include non-human species. On the
other hand, the slow city movement has the benevolent aims of redu-
cing car traﬃc and allowing more space in cities for pedestrians, bi-
cyclists and nature (Cittaslow, 2016; Gehl, 2010).
2.7. The seventh lamp: novelty
Novel ecological communities and novel ecosystems are character-
ized by the presence of new combinations of native and exotic species,
without historical analogue (Hobbs et al., 2006; Kowarik, 2011). For
biodiversity to persist or increase in urban environments, areas sup-
porting novel ecological communities need to be acknowledged as
important habitats even though their abiotic and biotic conditions may
diﬀer from those of remnant ecosystems. Urban biodiversity exists not
only in reserves and parks, but also in ecosystems such as private gar-
dens, constructed wetlands, business parks, wastelands and post-in-
dustrial sites (Chester & Robson, 2013; Serret et al., 2014; Threlfall
et al., 2016). While there are diﬀerent cultural perceptions and levels of
acceptance of these systems in diﬀerent parts of the world, they are
gaining increased recognition for the ecosystem services and biodi-
versity they can provide (Andersson et al., 2014; Fuller, Irvine, Devine-
Wright, Warren, & Gaston, 2007). For example, post-industrial
brownﬁeld sites in Europe support biodiverse plant and animal com-
munities, including rare species (Gardiner, Burkman, & Prajzner, 2013;
Hartley, Dickinson, Riby, & Shutes, 2012; Kattwinkel et al., 2011). The
pragmatic attitude towards novelty as the mixing of native and exotic
built form without historical analogue is demonstrated by the cycles of
reappraisal of the built environment and the general condition of
postmodernity (Harvey, 1989; Venturi, Brown, & Izenour, 1972), which
ﬁnds its expression in the commemoration of industrial landscapes such
as waterfronts and factories in modern developments. This facilitates
the combination of the remnant with the novel in cities, leading to a
mix of historical buildings, inherited spatial structures and new con-
structions. In the absence of these elements, ‘traditions’ such as new
urbanism are recreated from scratch (Leccese & McCormick, 2000).
3. Turning on the lamps
Here, we present ten practical actions to increase the biodiversity of
cities. These actions cover a range of spatial and temporal scales, and
involve planners, designers, landscape architects, engineers, landscape
managers, regulators, naturalists, citizen scientists and the general
public. Each action has the potential to ‘turn on’ multiple lamps and
thus provide multiple biodiversity beneﬁts in the urban landscape
(Table 2).
3.1. Design to preserve features of high biodiversity
Preserving features of high biodiversity within the urban landscape,
such as an area of remnant vegetation or a natural wetland, requires
good planning and design as well as good management. The boundary
of a remnant habitat is the interface between the remnant and the larger
urban environment; there are many ways to approach the design of this
interface to actively maintain the biodiversity and ecosystem function
of the feature of interest. For example, buﬀer plantings of native ve-
getation can reduce weed invasion into remnant woodlands and
grasslands (Lunt & Morgan, 2000) and constructing roads and sidewalks
to slope away from remnants can prevent the entry of stormwater
runoﬀ that carries weeds and nutrient pollution (Marshall, 2013;
Williams, 2005). At a social level, urban-design guidelines should also
encourage the local community to care for, value and engage with areas
of high biodiversity (Marshall, 2013; Nassauer, 1995; Fig. 1d). On a
larger spatial scale, guidelines such as the biodiversity-sensitive urban
design protocol (BSUD) aim to create suburbs and precincts that will
provide a net beneﬁt for native species and ecosystems through the
provision of essential habitat and food resources (Garrard, Bekessy, &
van Wijnen, 2015; Garrard, Williams, Mata, Thomas, & Bekessy, 2018).
3.2. Preserve natural drainage lines (focus on the stream)
Low-impact development (LID) or Sustainable Urban Drainage
Systems (SUDS) is increasingly being used to reduce the impacts of
urban stormwater runoﬀ on receiving aquatic ecosystems (Fletcher
et al., 2015). The basic objective of LID is to replicate the hydrological
conditions of the pre-developed landscape via dispersed retention sys-
tems (such as rainwater tanks and rain-gardens) and conservation of
existing natural elements (Coﬀman & France, 2002; TRCA/CVCA
(Toronto and Region Conservation Authority, Credit Valley
Conservation Authority), 2010). However, achieving this at a scale that
is suﬃciently large to restore or protect the ecological structure and
function of a stream has remained elusive, because of two underlying
requirements (Dietz & Clausen, 2008; Roy et al., 2008; Roy et al.,
2014).
First, the preservation of upland drainage lines (ﬁrst-order streams)
is required to allow natural drainage. This has only been realized in a
few cases (e.g., the Village Homes development of Davis, California,
and its descendants (Karvonen, 2011); Kronsberg Neighborhood near
Hannover, Germany (Dagenais et al., 2011; Rumming, 2004; Fig.1f)),
which have also been successful in other ways as the networks of linear
parks formed by the drainage lines provide connected green space and
promote local biodiversity (Coates, 2013; Dagenais, Paquette, Fuamba,
& Thomas-Maret, 2011; Von Haaren & Reich, 2006). Second, drainage
management that seeks to maintain pre-development water balance
must become standard practice (Roy et al., 2008; Walsh, Fletcher, &
Burns, 2012). This requires capture of stormwater near its source in
storages large enough to mimic the pre-development soil storage ca-
pacity. Drainage design should of course ensure that stormwater ex-
ceeding the capacity of storages is conveyed safely to the reserved
drainage lines (Walsh et al., 2016).
Table 2
Ten actions to light the lamps of planning for biodiversity in the city.
Action 1. Protection 2. Connectivity 3. Construction 4. Cycles 5. Interactions 6. Benevolence 7. Novelty
1. Design to preserve features of high biodiversity X X X X X
2. Preserve natural drainage lines (focus on the stream) X X X X X X
3. Retain and use stormwater to enhance biodiversity X X X
4. Take advantage of urban turnover X X X X
5. Use temporary or neglected spaces X X X
6. Engage the community X X X X X
7. Coordinate public and private actions X X X X X X X
8. Use carrots and sticks X X X X X
9. Incorporate biodiversity-sensitive practices into existing
management
X X X
10. Promote the “Green and Biodiverse City” X X X X X
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3.3. Retain and use stormwater to enhance biodiversity
The retention and use of runoﬀ from impervious surfaces (building
roofs and paved/sealed ground surfaces) to irrigate green spaces in
cities is a relatively new and underutilized strategy (Walsh, Fletcher, &
Burns, 2012). Collecting and redirecting urban runoﬀ from small, im-
pervious catchments into multiple locations nearby has a range of
beneﬁts in addition to a reduced volume of water feeding into the
conventional stormwater system. These include urban cooling through
greater evapotranspiration (Coutts, Tapper, Beringer, Loughnan, &
Demuzere, 2012), ﬂood mitigation (Burns, Fletcher, Walsh, Ladson, &
Hatt, 2012), the potential to increase biodiversity in parks, private
gardens and other urban green spaces (Cook & Faeth, 2006; Katti et al.,
2014), and the provision of refugia for biota vulnerable to drought or
heat (Welbergen, Klose, Markus, & Eby, 2008). For example, irrigated
(mesic) residential yards in Phoenix, Arizona support a greater diversity
and abundance of arthropods than non-irrigated (xeric) residential
yards, including detritivores, herbivores and predators (Cook & Faeth,
2006). A mosaic of irrigated and non-irrigated areas within a single
park, across a neighborhood and throughout a city would provide a
greater diversity and complexity of habitats, and thus support an in-
creased diversity of fungi, plants, invertebrates and vertebrates (Cook &
Faeth, 2006; Hahs & McDonnell, 2007; Katti et al., 2014; Newbound,
McCarthy, & Lebel, 2010; Straka, Lentini, Lumsden, Wintle, & van der
Ree, 2016).
3.4. Take advantage of urban turnover
There is debate in both the urban planning and ecological literature
regarding the beneﬁts of designing for biodiversity in new urban de-
velopments versus retro-ﬁtting habitat spaces for biodiversity into ex-
isting urban areas (Dallimer et al., 2012; Dunham-Jones & Williamson,
2011; Lin & Fuller, 2013). The vision of a biodiverse city dovetails well
with the creative architectural and planning process. Yet, cities are
dynamic landscapes where development occurs on a daily basis. In the
suburbs, densiﬁcation or demolition and redevelopment are ongoing
processes. Single-dwelling redevelopments (e.g., in which an existing
house is demolished to make way for one or more new dwellings, often
with a net loss of permeable surface and vegetation; Brunner & Cozens,
2012) have largely escaped the notice of urban planners and urban
ecologists (Randolph & Freestone, 2012; Wiesel, Freestone, &
Randolph, 2013). However, we must recognize that development oc-
curring at any scale within the urban landscape can constitute a threat
to biodiversity, or conversely provide an opportunity for biodiversity
policy to intervene at the relevant regulation and approval point. Until
now, most projects that have integrated biodiversity objectives into
urban turnover have focused on large scale, industrial wasteland sites,
such as Emscher Park in the Ruhr Valley (Pinch & Adams, 2013) or the
Schöneberger Railway Park in Berlin (Kowarik & Langer, 2005). Si-
milar, albeit smaller, opportunities need to be recognized and seized
amongst the rapid turnover occurring in the suburbs of cities around the
world.
3.5. Use temporary or neglected spaces
Opportunities for increasing biodiversity exist well beyond the
creation of new, permanent urban green spaces such as parks. Many
current practices introduce biodiversity either on a temporary basis
(e.g., pop-up parks, derelict industrial areas; Fig. 1g), or into urban
spaces not traditionally considered for greening (e.g., roofs and walls;
Fig. 1f). These actions are not usually driven by a primary concern for
biodiversity per se, but rather a desire to increase urban green cover for
amenity or other functions such as water retention or urban cooling.
However, these actions may also bring about biodiversity gains, if in-
stallations are designed using ecological principles (Williams,
Lundholm, & MacIvor, 2014).
Temporary installations often require planning in conjunction with
local authorities or developers, but are limited only by imagination. For
instance, PARK(ing) Day, “an annual worldwide event where artists,
designers and citizens transform metered parking spots into temporary
public parks” (e.g., http://www.dublinparkingday.org), has taken oﬀ in
many cities globally. Pop-up parks will be most beneﬁcial when stra-
tegically located for high human use, while also catering for biodi-
versity by providing critical resources during times of the year when
they are naturally limited (Hahs & McDonnell, 2014). Green roofs can
also provide habitat for a wide range of native bee species that are
themselves important pollinators, despite being more cryptic than the
honey bee (e.g., Colla, Willis, & Packer, 2009; Tonietto, Fant, Ascher,
Ellis, & Larkin, 2011).
3.6. Engage the community
Successful conservation of existing biodiversity and strategies to
improve urban biodiversity rely on the involvement and support of
local communities. Involvement may be reactive, in response to de-
velopment that threatens biodiversity, or proactive, when communities
become emotionally invested in biodiversity on a daily basis (e.g.,
Cooper, Dickinson, Phillips, & Bonney, 2007; Grant & Littlejohn, 2001;
Standish, Hobbs, & Miller, 2013). Either mode of involvement may
focus on a speciﬁc site, individual species, or suite of species that can
galvanize the community into a cohesive, uniﬁed group. Some of the
earliest examples of urban environmentalism were inspired by threats
to biodiversity. For example, the proposed development of Kelly's Bush
in Sydney in the 1970s led to calls for ‘Green Bans’ or environmental
strikes to halt development (Iveson, 2014).
In contrast, a local community in Seattle, Washington worked to
return salmon to the Pipers Creek watershed through proactive eﬀorts
involving more than $2 million. After thousands of volunteer hours and
more than 30 years of creek restoration, the salmon returned
(Karvonen, 2011). Engagement around a focal species or site that is
selected with ecological understanding can serve as an umbrella in-
itiative, which also conserves or enhances less-emblematic elements of
biodiversity that nonetheless provide essential ecosystem functions and
services (Hahs & McDonnell, 2014). City dwellers around the world are
also becoming increasingly engaged with nature in urban environments
through citizen science, with the opportunity to survey and submit
records of a wide range of taxa including birds, frogs, dolphins, insects
and fungi. Many of these records are now freely accessible through
databases such as the Global Biodiversity Information Facility (https://
www.gbif.org).
3.7. Coordinate public and private actions
Most urban green space is under private ownership. Hence, to better
promote urban biodiversity, public and private actions need to be well
coordinated (e.g. Hostetler, Allen, & Meurk, 2011). The habitat value of
private residential gardens can be improved by adding speciﬁc re-
sources such as ponds, coarse woody debris, leaf litter, ﬂowering shrubs
and trees, tussock grasses and/or butterﬂy food plants (Gaston, Smith,
Thompson, & Warren, 2005), while green roofs and green façades can
be installed to increase available habitat area (Williams, Lundholm, &
MacIvor, 2014). Educating residents about wildlife gardening practices
such as plant selection to beneﬁt local faunal biodiversity is a simple
and eﬀective tool (e.g., Barthel, 2005; Hostetler et al., 2011), as is the
addition of refuges or artiﬁcial nest sites for birds, mammals and other
groups as appropriate (e.g. Gaston et al., 2005). Coordinating wildlife
gardening eﬀorts between houses, or to complement government con-
servation actions in nearby natural areas, may provide greater biodi-
versity beneﬁts at the neighborhood or landscape scale than isolated,
individual gardens (Goddard, Dougill, & Benton, 2010).
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3.8. Use carrots and sticks
Incentive schemes (carrots) and regulatory approaches (sticks) that
aim to limit the loss of habitat and encourage restoration will promote
the integration of biodiversity into future urban planning, landscape
design and construction. Preservation of existing, biodiverse urban
features requires strong regulation, as there are many powerful interest
groups that could beneﬁt from their destruction. The need for regula-
tion is particularly urgent where there are cumulative impacts of mul-
tiple, small-scale losses (Bekessy et al., 2012; Garrard et al., 2015).
Other incentive schemes apply nudge theory via the use of urban sus-
tainability-rating systems. There are opportunities to incorporate bio-
diversity objectives into existing schemes and thus provide incentives
for environmental actions. It will be challenging yet important for these
to include consistent measures of biodiversity-related performance that
are suﬃciently detailed to capture important ecological processes, but
simple enough to be used by non-experts.
3.9. Incorporate biodiversity-sensitive practices into existing management
Urban green spaces and aquatic systems require ongoing manage-
ment for multiple purposes. One of the easiest and most cost-eﬀective
ways to switch on the lamps of biodiversity in the city is to subtly
modify existing management practices for biodiversity gain
(Rosenzweig, 2003). For example, altering the frequency and timing of
mowing in public green spaces increases invertebrate diversity (Helden
& Leather, 2004). Retaining, instead of removing, understorey vegeta-
tion, fallen branches and leaves promotes nutrient cycling and provides
important habitat for a variety of ﬂora and fauna (Imberger et al., 2011;
Threlfall, Williams, Hahs, & Livesley, 2016). Ornamental wetlands can
act as breeding habitat for native amphibians in urban parks and re-
serves. Vertical walls of concrete or stone lining a wetland may render it
unsuitable for ground-dwelling amphibian species (Parris, 2006), but
simply modifying the pond design by removing these walls can over-
come the problem. Similarly, providing crevices within artiﬁcial sea-
walls increases inter-tidal habitat heterogeneity and thus the diversity
of algal and sessile invertebrate communities, while still fulﬁlling the
original design intent and structural role of these features (Chapman &
Blockley, 2009).
3.10. Promote the “green and biodiverse city”
The rise of eco-tourism and green-liveability standards presents an
economic business case to increase urban biodiversity. Cities around the
world are leveraging the attractiveness of their landscape and green
spaces to increase tourism, and to retain talented people and high-
value, knowledge-intensive industries. Individual cities are seeking to
brand themselves as icons of urban greenery and sustainability. For
example, Singapore has marketed and reconﬁgured itself as “a city in a
garden” to attract tourists and improve liveability (https://www.
nparks.gov.sg/about-us/city-in-a-garden). Seattle, Washington (USA)
has invented a new term to capture its nature appeal: Metronatural™
(Karvonen, 2010). In Europe, cities vie for the Green Capital Award,
evaluated on twelve environmental indicators including ‘nature and
biodiversity’(http://ec.europa.eu/environment/europeangreencapital/
). While the concept of biodiversity does not yet feature prominently in
these green-image schemes, the appeal of green spaces and iconic
natural phenomena in cities could be increased by the explicit inclusion
– and marketing – of biodiversity.
4. Discussion: evidence of a paradigm shift in urban planning and
design
More than a hundred years ago, Patrick Geddes used a map of the
metropolis of London to compare its spreading form to a vast coral reef
(Geddes, 1915). Amid its ‘stony skeleton’ could be found ‘living
polypes’. Corals rely on a symbiotic relationship between polyps and
algae that allows them to survive and proliferate. In other words, if we
are to extend this biological metaphor, we must broadly consider our
symbiotic relations with non-human species in the construction of our
cities. This paradigm shift is already underway at scales ranging from
individual buildings to entire cities, and will only accelerate as citizens
and city governments recognize the health, environmental, sustain-
ability and ﬁnancial beneﬁts that urban biodiversity provides. We in-
tend the present essay to further this acceleration by increasing un-
derstanding and dialogue between ecologists and practitioners of the
urban form. Its novel theoretical contribution lies in its presentation of
seven principles of planning for biodiversity in the city, linked through
metaphors to existing concepts that are familiar to planners and other
built-environment professionals. This use of metaphor highlights ex-
isting common ground and provides a language for future commu-
nication and collaborative, multidisciplinary action in the urban realm.
Perhaps the most obvious example of a movement to consider the
more-than-human in cities is the widespread adoption of Sustainable
Urban Drainage Systems (SUDS) (also known as Water Sensitive Urban
Design (WSUD), and Low Impact Development (LID)) as cities around
the world seek to improve the quality of receiving waters, promote
localized cooling and reduce the costs of upgrading expensive sewer
and stormwater systems (Fletcher et al., 2015; Walsh et al., 2016).
Green roofs, walls and façades are also becoming increasingly pre-
valent, both as a vision of design practitioners and as a built reality.
Although only a small proportion of these green-infrastructure features
are explicitly designed to beneﬁt biodiversity (Williams, Lundholm, &
MacIvor, 2014), the normally barren roofs and walls of our cities have
great potential to provide habitat for other species while also providing
multiple additional beneﬁts to humans (e.g., Berndtsson, 2010; Lee,
Williams, Sargent, Farrell, & Williams, 2014; Mayrand & Clergeau,
2018; Sailor, 2008). Restoration of urban biodiversity is also being used
as a strategy to make cities more resilient to threats from climate
change, including extreme heat events and destructive storms
(Abdollahi, Ning, & Appeaning, 2000; Bowler, Buyung-Ali, Knight, &
Pullin, 2010). Many cities are seeking to increase the diversity of their
urban forests and thus improve their resilience to pests, disease and
climatic changes, while also expanding these forests to cool vulnerable
neighborhoods and reduce the incidence of heat stress (C40 Cities
Climate Leadership Group, 2014).
Urban residents generally respond positively to biodiversity re-
storation programs. Ambitious projects such the High Line and
Brooklyn Bridge Park in New York (Fig. 1c) and the restoration of
Cheonggeycheon Stream in Seoul (Fig. 1e) have captured the public
imagination, attracting tens of thousands of local and international
visitors annually while improving amenity, increasing local biodiversity
and providing valuable ecosystem services. Importantly, such projects
have also been an economic success, revitalizing neighborhoods and
driving increases in property prices. And at the grass-roots level, there
are many examples of residents embracing opportunities to expand the
space for nature and enhance urban biodiversity, such as the Green
Alleys (Ruelles Vertes) citizens' initiative in Montreal (www.eco-
quartiers.org/ruelle_verte) and various wildlife-gardening programs
run by local councils around Australia (Shaw, Miller, & Westcott,
2013).
The time is ripe for a movement that embraces biodiversity in the
city – for the beneﬁt of humans and non-humans alike. Urban planners,
architects, landscape architects, engineers and urban designers have a
key role to play in this movement, by working to turn on the seven
lamps of planning for biodiversity in the city. Urban areas provide a
multitude of opportunities for local conservation actions where people
live and work (Miller & Hobbs, 2002; Snep, WallisDeVries, & Opdam,
2011). To realize these opportunities, we require better integration of
planning and ecology in university curricula, for example through the
inclusion of ecologists in studios and that of planners and designers in
ecology classes, such that our future professionals become fully
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bilingual. Also, we propose that ecologists be included in multi-
disciplinary planning and design teams, to ensure that biodiversity will
be considered alongside other values from the beginning of a project
rather than as an afterthought. Multidisciplinarity has been a pre-
requisite for the successful integration of SUDS in urban planning
(Dagenais et al., 2014; Fryd, Bergen Jensen, Toft, Jappesen, & Jacob,
2010), and so it is likely to be for biodiversity. We hope this essay




Funding: This article arose from a workshop funded by the
Australian Research Council Centre of Excellence for Environmental
Decisions (grant number CE1101014), which was held at The
University of Melbourne in February 2014. This work was also sup-
ported by the Clean Air and Urban Landscapes Hub of the Australian
Government's National Environmental Science Program.
References
Abdollahi, K., Ning, Z., & Appeaning, A. (2000). Global climate change and the urban forest.
Baton Rouge - Franklin Press.
Acosta, J., Faz, A., Martínez-Martínez, S., & Arocena, J. (2014). Grass-induced changes in
properties of soils in urban green areas with emphasis on mobility of metals. Journal
of Soils & Sediments: Protection, Risk Assessment, & Remediation, 14, 819–828.
Ahern, J., & Novotny, P.. V. (2007). Green infrastructure for cities: The spatial dimension.
In P. Brown (Ed.). Cities of the future: Towards integrated sustainable water and land-
scape management (pp. 267–283). London: IWA Publishers.
Ahern, J. (2013). Urban landscape sustainability and resilience: The promise and chal-
lenges of integrating ecology with urban planning and design. Landscape Ecology, 28,
1203–1212. http://dx.doi.org/10.1007/s10980-012-9799-z.
Alberti, M., Marzluﬀ, J. M., Shulenberger, E., Gordon, B., Ryan, C., & Zumbrunnen, C.
(2003). Integrating humans into ecology: Opportunities and challenges for studying
urban ecosystems. Bioscience, 53(12), 1169–1179.
Andersson, E., Barthel, S., Borgström, S., Colding, J., Elmqvist, T., Folke, C., & Gren, A.
(2014). Reconnecting cities to the biosphere: Stewardship of green infrastructure and
urban ecosystem services. Ambio, 43, 445–453.
Aronson, M. F., La Sorte, F. A., Nilon, C. H., Katti, M., Goddard, M. A., Lepczyk, C. A.,
et al. (2014). A global analysis of the impacts of urbanization on bird and plant
diversity reveals key anthropogenic drivers. Proceedings of the Royal Society B:
Biological Sciences, 281, 20133330. http://dx.doi.org/10.1098/rspb.2013.3330.
Atkins, P. (2012). Animal cities, Farnham — Ashgate.
Barthel, S. (2005). Sustaining urban ecosystem services with local stewards' participation
in Stockholm (Sweden). In B. Tress, G. Tres, G. Fry, & P. Opdam (Eds.). From land-
scape research to landscape planning: Aspects of integration, education and application
(pp. 305–321). Wageningen: Springer.
Bekessy, S. A., White, M., Gordon, A., Moilanen, A., Mccarthy, M. A., & Wintle, B. A.
(2012). Transparent planning for biodiversity and development in the urban fringe.
Landscape and Urban Planning, 108, 140–149.
Berndtsson, J. C. (2010). Green roof performance towards management of runoﬀ water
quantity and quality: A review. Ecological Engineering, 36, 351–360.
Booth, D. B., Hartley, D., & Jackson, R. (2002). Forest cover, impervious-surface area, and
the mitigation of stormwater impacts. JAWRA - Journal of the American Water
Resources Association, 38(3), 835–845. http://dx.doi.org/10.1111/j.1752-1688.2002.
tb01000.x.
Bowler, D. E., Buyung-Ali, L., Knight, T. M., & Pullin, A. S. (2010). Urban greening to cool
towns and cities: A systematic review of the empirical evidence. Landscape and Urban
Planning, 97, 147–155.
Braun, B. (2005). Environmental issues: Writing a more-than-human urban geography.
Progress in Human Geography, 29(5), 635–650.
Brenner, N. (Ed.). (2014). Implosions/explosions: Towards a study of planetary urbanization.
Berlin: Jovis.
Brumm, H., & Slabbekoorn, H. (2005). Acoustic communication in noise. Advances in the
Study of Behavior, 35, 151–209.
Brunner, J., & Cozens, P. (2012). Where have all the trees gone? Urban consolidation and
the demise of urban vegetation: A case study from Western Australia. Planning
Practice and Research, 28, 231–255.
Burns, M. J., Fletcher, T. D., Walsh, C. J., Ladson, A. R., & Hatt, B. E. (2012). Hydrologic
shortcomings of conventional urban stormwater management and opportunities for
reform. Landscape and Urban Planning, 105, 230–240.
C40 Cities Climate Leadership Group (2014). Climate action in megacities: Executive sum-
mary. ARUP: London.
Cardinale, B. J., Duﬀy, J. E., Gonzalez, A., Hooper, D. U., Perrings, C., Venail, P., et al.
(2012). Biodiversity loss and its impact on humanity. Nature, 486(7401), 59–67.
http://dx.doi.org/10.1038/nature11148.
Chapman, M. G., & Blockley, D. J. (2009). Engineering novel habitats on urban infra-
structure to increase intertidal biodiversity. Oecologia, 161, 625–635.
Chester, E. T., & Robson, B. J. (2013). Anthropogenic refuges for freshwater biodiversity:
Their ecological characteristics and management. Biological Conservation, 166, 64–75.
Chettiparamb, A. (2006). Metaphors in complexity theory and planning. Planning Theory,
5(1), 71–91.
Cincotta, R. P., Wisnewski, J., & Engelman, R. (2000). Human population in the biodi-
versity hotspots. Nature, 404(6781), 990–992.
Cittaslow (2016). International network of cities where living is good. Retrieved from
http://www.cittaslow.org/.
Clements, F. E. (1916). Plant succession: An analysis of the development of vegetation.
Washington: Carnegie Institution of Washington.
Coates, G. (2013). Sustainable urbanism: Creating resilient communities in the age of
peak oil and climate destabilization. In I. Wallimann (Ed.). Environmental policy is
social policy — Social policy is environmental policy (pp. 81–101). New York: Springer.
Coﬀman, L. S., & France, R. L. (2002). Low-impact development: An alternative stormwater
management technology. Handbook of water sensitive planning and design (pp. 97–123).
Washington DC: Lewis.
Colla, S. R., Willis, E., & Packer, L. (2009). Can green roofs provide habitat for urban bees
(Hymenoptera: Apidae)? Cities and the Environment, 2, 1–12.
Cook, W. M., & Faeth, S. H. (2006). Irrigation and land use drive ground arthropod
community patterns in an urban desert. Environmental Entomology, 35, 1532–1540.
Cooper, C. B., Dickinson, J., Phillips, T., & Bonney, R. (2007). Citizen science as a tool for
conservation in residential ecosystems. Ecology and Society, 12, 11.
Coutts, A. M., Tapper, N. T., Beringer, J., Loughnan, M., & Demuzere, M. (2012).
Watering our cities: The capacity for water sensitive urban design to support urban
cooling and improve human thermal comfort in the Australian context. Progress in
Physical Geography, 37(1), http://dx.doi.org/10.1177/0309133312461032.
Craul, P. (1994). The nature of urban soils: Their problems and future. Arboricultural
Journal: The International Journal of Urban Forestry, 18(3), 275–287.
Cresswell, T. (2006). On the move: Mobility in the modern western world. London: Taylor
and Francis.
Dagenais, D., Paquette, S., Fuamba, M., & Thomas-Maret, I. (2011). Keys to successful
large-scale implementation of vegetated best management practices in the urban
environment. 12th international conference on urban drainage. Porto Allegre, Brazil:
International Water Association.
Dagenais, D., Paquette, S., Thomas-Maret, I., Besson, L., Chanthalama, K., Jambon, C., ...
with the collaboration of collaboration d'. (2014). In A. Mailhot, & S. Bolduc (Eds.).
Implantation en milieu urbain de systèmes végétalisés de contrôle à la source des eaux
pluviales comme option d' adaptation aux changements climatiquesMontreal, Canada:
Final report presented to OURANOS and the Programme Environment bâti/sud du
Québec (ICAR). Retrieved at https://www.ouranos.ca/publication-scientiﬁque/
RapportDagenais2013_FR.pdf.
Dallimer, M., Rouquette, J. R., Skinner, A. M. J., Armsworth, P. R., Maltby, L. M., Warren,
P. H., & Gaston, K. J. (2012). Contrasting patterns in species richness of birds, but-
terﬂies and plants along riparian corridors in an urban landscape. Diversity and
Distributions, 18, 742–753.
Delaney, K. S., Riley, S. P. D., & Fisher, R. N. (2010). A rapid, strong, and convergent
genetic response to urban habitat fragmentation in four divergent and widespread
vertebrates. PLoS One, 5(9), e12767. http://dx.doi.org/10.1371/journal.pone.
0012767.
Dietz, M. E., & Clausen, J. C. (2008). Stormwater runoﬀ and export changes with de-
velopment in a traditional and low impact subdivision. Journal of Environmental
Management, 87, 560–566.
Dunham-Jones, E., & Williamson, J. (2011). Retroﬁtting suburbia: Urban design solutions for
redesigning suburbs. Hoboken, NJ: Wiley.
Duvigneaud, P., & Denayeyer-De Smet, S. (1977). L'Ecosystéme Urbain Bruxellois. In P.
Duvigneaud, & P. Kestemont (Eds.). Productivité en Belgique. Traveaux de la Section
Belge du Programme Biologique International, Bruxelles (pp. 608–613). Paris: Éditions
Duculot.
Epps, C. W., Palsbøll, P. J., Wehausen, J. D., Roderick, G. K., Ramey Ii, R. R., &
McCullough, D. R. (2005). Highways block gene ﬂow and cause a rapid decline in
genetic diversity of desert bighorn sheep. Ecology Letters, 8, 1029–1038.
Estes, J. A., Terborgh, J., Brashares, J. S., Power, M. E., Berger, J., Bond, W. J., Carpenter,
S. R., et al. (2011). Trophic downgrading of planet earth. Science, 333, 301–306.
Ewing, R., & Cervero, R. (2010). Travel and the built environment. Journal of the American
Planning Association, 76(3), 265–294.
Faeth, S. H., Warren, P. S., Shochat, E., & Marussich, W. A. (2005). Trophic dynamics in
urban communities. Bioscience, 55, 399–407.
Fletcher, T. D., Shuster, W., Hunt, W. F., Ashley, R., Butler, D., Arthur, S., et al. (2015).
SUDS, LID, BMPs, WSUD and more — The evolution and application of terminology
surrounding urban drainage. Urban Water Journal, 12(7), 525–542.
Fryd, O., Bergen Jensen, M., Toft, S. I., Jappesen, J., & Jacob, M. (2010). Doing the ﬁrst
loop of planning for sustainable urban drainage system retroﬁts: A case study from
Odense, Denmark. Urban Water Journal, 7, 367–378.
Fuller, R. A., Irvine, K. N., Devine-Wright, P., Warren, P. H., & Gaston, K. J. (2007).
Psychological beneﬁts of greenspace increase with biodiversity. Biology Letters, 3,
390–394.
Gardiner, M. M., Burkman, C. E., & Prajzner, S. P. (2013). The value of urban vacant land
to support arthropod biodiversity and ecosystem services. Environmental Entomology,
42(6), 1123–1136.
Garrard, G., Bekessy, S., & van Wijnen, S. (2015). Sustainable mid-rise for healthy, con-
nected communities. Planning News, 41(10), 6–7.
Garrard, G., Williams, N. S. G., Mata, L., Thomas, J., & Bekessy, S. A. (2018). Biodiversity
sensitive urban design. Conservation Letters, 11(2), 1–10.
K.M. Parris et al. Cities xxx (xxxx) xxx–xxx
8
Gaston, K. J., Davies, T. W., Bennie, J., & Hopkins, J. (2012). Reducing the ecological
consequences of night-time light pollution: Options and developments. Journal of
Applied Ecology, 49, 1256–1266.
Gaston, K. J., Smith, R. M., Thompson, K., & Warren, P. H. (2005). Urban domestic
gardens (II): Experimental tests of methods for increasing biodiversity. Biodiversity
and Conservation, 14, 395–413.
Geddes, P. (1915). Cities in evolution: An introduction to the town planning movement and to
the study of civics. London: Williams & Norgate.
Gehl, J. (2010). Cities for people. Washington DC: Island Press.
Goddard, M. A., Dougill, A. J., & Benton, T. G. (2010). Scaling up from gardens:
Biodiversity conservation in urban environments. Trends in Ecology & Evolution, 25(2),
90–98.
Graham, S., & Marvin, S. (2001). Splintering urbanism: Networked infrastructures, techno-
logical mobilities and the urban condition. New York: Routledge.
Grant, T., & Littlejohn, G. (2001). Greening school grounds: Creating habitats for learning.
Green Teacher Publishing: Toronto.
Greene, G. M. (2012). Children in glass houses: Towards a hygienic, eugenic architecture for
children during the Third Republic in France (1870–1940). PhD DissertationPrinceton
University.
Grimm, N. B., Faeth, S. H., Golubiewski, N. E., et al. (2008). Global change and the
ecology of cities. Science, 319(5864), 756–760.
Gunnell, K., Grabt, G., & Williams, C. (2012). Landscape and urban design for bats and
biodiversity. London: Bat Conservation Trust.
Hahs, A. K., & McDonnell, M. J. (2007). Composition of the plant community in remnant
patches of grassy woodland along an urban-rural gradient in Melbourne, Australia.
Urban Ecosystems, 10, 355–377.
Hahs, A. K., & McDonnell, M. J. (2014). Extinction debt of cities and ways to minimise
their realisation: A focus on Melbourne. Ecological Management and Restoration, 15,
102–110.
Halfwerk, W., Holleman, L. J. M., Lessells, C. M., & Slabbekoorn, H. (2011). Negative
impact of traﬃc noise on avian reproductive success. Journal of Applied Ecology,
48(1), 210–219.
Hartley, W., Dickinson, N. M., Riby, P., & Shutes, B. (2012). Sustainable ecological re-
storation of brownﬁeld sites through engineering or managed natural attenuation? A
case study from Northwest England. Ecological Engineering, 40, 70–79.
Harvey, D. (1989). The condition of postmodernity (vol. 14). Oxford: Blackwell.
Harvey, D. (2003). The right to the city. International Journal of Urban and Regional
Research, 27(4), 939–941.
Helden, A. J., & Leather, S. R. (2004). Biodiversity on urban roundabouts — Hemiptera,
management and the species-area relationship. Basic and Applied Ecology, 5, 367–377.
Hes, D., & du Plessis, C. (2015). Designing for hope: Pathways to regenerative sustainability.
Abingdon: Routledge.
Hobbs, R. J., Aronson, J., Baron, J. S., Bridgewater, P., Cramer, V. A., Epstein, P. R., et al.
(2006). Novel ecosystems: Theoretical and management aspects of the new ecological
world order. Global Ecology and Biogeography, 15, 1–7.
Hostetler, M., Allen, W., & Meurk, C. (2011). Conserving urban biodiversity? Creating
green infrastructure is only the ﬁrst step. Landscape and Urban Planning, 100(4),
369–371.
Houston, D., Hillier, J., MacCallum, D., Steele, W., & Byrne, J. (2017). Make kin, not cities!
Multispecies entanglements and ‘becoming-world’ in planning theory. Planning Theory,
Article ﬁrst published online: February 3, 2017http://dx.doi.org/10.1177/
1473095216688042.
ICOMOS (International Council on Monuments and Sites) (1987). Charter for the con-
servation of historic towns and urban areas (Washington Charter, 1987). Retrieved at:
http://www.icomos.org/charters/towns_e.pdf.
Imberger, S., Thompson, R., & Grace, M. (2011). Urban catchment hydrology overwhelms
reach-scale eﬀects of riparian vegetation on organic matter dynamics. Freshwater
Biology, 56, 1370–1389.
Ives, C. D., Lentini, P. E., Threlfall, C. G., Ikin, K., Shanahan, D. F., Garrard, G. E., et al.
(2016). Cities are hotspots for threatened species. Global Ecology and Biogeography,
25(1), 117–126.
Iveson, K. (2014). Building a city for “the people”: The politics of alliance-building in the
Sydney Green Ban Movement. Antipode, 46(4), 992–1013.
Jackson, S. T., & Hobbs, R. J. (2009). Ecological restoration in the light of ecological
history. Science, 325(5940), 567.
Jacobs, J. (1961). The death and life of great American cities. New York: Random House.
Jamrozik, A., Mcquire, M., Cardillo, E. R., & Chatterjee, A. (2016). Metaphor: Bridging
embodiment to abstraction. Psychonomic Bulletin & Review, 23(4), 1080–1089. http://
dx.doi.org/10.3758/s13423-015-0861-0.
Kajikawa, A., Inoue, T., & Goh, T. N. (2011). Analysis of building environment assessment
frameworks and their implications for sustainability indicators. Sustainability Science,
6, 233–246.
Karvonen, A. (2010). Metronatural (TM): Inventing and reworking urban nature in
Seattle. Progress in Planning, 74, 153–202.
Karvonen, A. (2011). Politics of urban runoﬀ: Nature, technology, and the sustainable city.
Cambridge MA: MIT Press.
Katti, M., Reid, S. T., Schleder, B. W., Bushoven, J. T., Jones, A. R., Delcore, H. D., &
Özgöc-Çağlar, D. (2014). Interactions between urban water policy, residential irrigation,
and plant & bird diversity in the Fresno-Clovis Metro Area. Nature Precedingshttp://dx.
doi.org/10.1038/npre.2011.6228.1.
Kattwinkel, M., Biedermann, R., & Kleyer, M. (2011). Temporary conservation for urban
biodiversity. Biological Conservation, 144(9), 2335–2343.
Kennedy, C., Cuddihy, J., & Engel-Yan, J. (2007). The changing metabolism of cities.
Journal of Industrial Ecology, 11, 43–59.
Kennedy, C., Pincetl, S., & Bunje, P. (2011). The study of urban metabolism and its ap-
plications to urban planning and design. Environmental Pollution, 159, 1965–1973.
Kong, F., Yin, H., Nakagoshi, N., & Zong, Y. (2010). Urban green space network devel-
opment for biodiversity conservation: Identiﬁcation based on graph theory and
gravity modeling. Landscape and Urban Planning, 95, 16–27.
Kose, S. (1998). From barrier-free to universal design: An international perspective.
Assistive Technology, 10(1), 44–50.
Kowarik, I. (2011). Novel urban ecosystems, biodiversity, and conservation.
Environmental Pollution, 159, 1974–1983.
Kowarik, I., & Langer, A. (2005). Natur-Park Südgelände: Linking conservation and re-
creation in an abandoned railyard in Berlin. In I. Kowarik, & S. Körner (Eds.). Wild
urban woodlands: New perspectives for urban forestry (pp. 287–299). Berlin: Springer.
Kuhn, I., Brandl, R., & Klotz, S. (2004). The ﬂora of German cities is naturally species rich.
Evolutionary Ecology Research, 6(5), 749–764.
Lang, M. H. (1993). Designing utopia: John Ruskin's urban vision for Britain and America.
Montreal: Black Rose Books.
Lapoint, S., Balkenhol, N., Hale, J., Sadler, J., & van der Ree, R. (2015). Ecological
connectivity research in urban areas. Functional Ecology, 29(7), 868–878.
Leccese, M., & McCormick, K. (2000). Charter of the new urbanism. New York: McGraw-
Hill.
Lee, K. E., Williams, K. J. H., Sargent, L. D., Farrell, C., & Williams, N. S. (2014). Living
roof preference is inﬂuenced by plant characteristics and diversity. Landscape and
Urban Planning, 122, 152–159.
Lin, B. B., & Fuller, R. A. (2013). FORUM: Sharing or sparing? How should we grow the
world's cities? Journal of Applied Ecology, 50(5), 1161–1168.
Luck, G. W. (2007). A review of the relationships between human population density and
biodiversity. Biological Reviews, 82, 607–645.
Luck, G. W., Ricketts, T. H., Daily, G. C., & Imhoﬀ, M. (2004). Alleviating spatial conﬂict
between people and biodiversity. Proceedings of the National Academy of Sciences of the
United States of America, 101, 182–186.
Luck, G. W., & Smallbone, L. T. (2011). The impact of urbanization on taxonomic and
functional similarity among bird communities. Journal of Biogeography, 38, 894–906.
Lundholm, J. T., & Richardson, P. J. (2010). Habitat analogues for reconciliation ecology
in urban and industrial environments. Journal of Applied Ecology, 47(5), 966–975.
Lunt, I. D., & Morgan, J. W. (2000). Can competition from Themeda triandra inhibit in-
vasion by the perennial exotic grass Nassella neesiana in native grasslands? Plant
Protection Quarterly, 15(3), 92–94.
Maller, C. (2018). Healthy urban environments: More-than-human theories. New York:
Routledge.
Marshall, A. J. (2013). Start with the grasslands: Design guidelines to support native grasslands
in urban areas. Melbourne: Victorian National Parks Association.
Marshall, A. J., & Bauer, K. (2013). Masterplanned communities: The bread and butter. In
K. Bauer, & A. J. Marshall (Vol. Eds.), Landscape architecture Australia. Vol. 140.
Landscape architecture Australia (pp. 12–13).
Matless, D. (1998). Landscape and Englishness. London: Reaktion Books.
Mayrand, F., & Clergeau, P. (2018). Green roofs and green walls for biodiversity con-
servation: A contribution to urban connectivity? Sustainability, 10, 985.
McDonald, R. I., Kareiva, P., & Forman, R. T. (2008). The implications of current and
future urbanization for global protected areas and biodiversity conservation.
Biological Conservation, 141(6), 1695–1703.
McHarg, I. L. (1969). Design with Nature. New York: Wiley.
McKinney, M. L. (2002). Urbanization, biodiversity, and conservation. Bioscience, 52,
883–890.
Melles, S., Glenn, S., & Martin, K. (2003). Urban bird diversity and landscape complexity:
Species-environment associations along a multiscale habitat gradient. Ecology and
Society, 7(1), 5.
Miller, J. R., & Hobbs, R. J. (2002). Conservation where people live and work.
Conservation Biology, 16, 330–337.
Mostafavi, M., & Doherty, G. (2016). Ecological urbanism. Zurich: Lars Müller Publishers.
Nassauer, J. I. (1995). Messy ecosystems, orderly frames. Landscape Journal, 14(2),
161–170.
Newbound, M., McCarthy, M. A., & Lebel, T. (2010). Fungi and the urban environment: A
review. Landscape and Urban Planning, 96, 138–145.
Normandin, É., Vereecken, N. J., Buddle, C. M., & Fournier, V. (2017). Taxonomic and
functional trait diversity of wild bees in diﬀerent urban settings. PeerJ, 5, e3051.
http://dx.doi.org/10.7717/peerj.3051.
Novotny, V. (2013). Water-energy nexus: Retroﬁtting urban areas to achieve zero pol-
lution. Building Research and Information, 41(5), 589–604. http://dx.doi.org/10.
1080/09613218.2013.804764.
Ogden, L. E. (2014). Does green building come up short in considering biodiversity?
Focus on a growing concern. Bioscience, 64(2), 83–88.
Pace, M. L., Cole, J. J., Carpenter, S. R., & Kitchell, J. F. (1999). Trophic cascades revealed
in diverse ecosystems. Trends in Ecology & Evolution, 14, 483–488.
Parker, S. (2004). Urban theory and the urban experience: Encountering the city, second
edition. New York: Routledge.
Parris, K. M. (2006). Urban amphibian assemblages as metacommunities. Journal of
Animal Ecology, 75, 757–764.
Parris, K. M., & McCarthy, M. A. (2013). Predicting the eﬀect of urban noise on the active
space of avian vocal signals. The American Naturalist, 182, 452–464.
Parris, K. M., Velik-Lord, M., & North, J. M. A. (2009). Frogs call at a higher pitch in
traﬃc noise. Ecology and Society, 14(1), 25.
Pataki, D. E., Carreiro, M. M., Cherrier, J., Grulke, N. E., Jennings, V., Pincetl, S., Pouyat,
R. V., et al. (2011). Coupling biogeochemical cycles in urban environments:
Ecosystem services, green solutions, and misconceptions. Frontiers in Ecology and the
Environment, 9(1), 27–36.
Paul, M. J., & Meyer, J. L. (2001). Streams in the urban landscape. Annual Review of
Ecology and Systematics, 32, 333–365.
Pauw, A. (2007). Collapse of a pollination web in small conservation areas. Ecology, 88,
K.M. Parris et al. Cities xxx (xxxx) xxx–xxx
9
1759–1769.
Pauw, A., & Hawkins, J. A. (2011). Reconstruction of historical pollination rates reveals
linked declines of pollinators and plants. Oikos, 120, 344–349.
Pinch, P., & Adams, N. (2013). Lessons from the IBA Emscher Park. In M. E. Leary, & J.
McCarthy (Eds.). The Routledge companion to urban regeneration (pp. 230–240). New
York: Routledge.
Randolph, B., & Freestone, R. (2012). Housing diﬀerentiation and renewal in middle-ring
suburbs: The experience of Sydney, Australia. Urban Studies, 49, 2557–2575. http://
dx.doi.org/10.1177/0042098011435845.
Reed, R., & Krajinovic-Bilos, A. (2013). An examination of international sustainability
rating tools: An update. 19th PRRES Paciﬁc Rim Real Estate Society Conference.
Melbourne, Australia, 13-16th January, 2013.
Rhodes, J. R., Ng, C. F., de Villiers, D. L., Preece, H. J., McAlpine, C. A., & Possingham, H.
P. (2011). Using integrated population modelling to quantify the implications of
multiple threatening processes for a rapidly declining population. Biological
Conservation, 144, 1081–1088.
Ritchie, E. G., & Johnson, C. N. (2009). Predator interactions, mesopredator release and
biodiversity conservation. Ecology Letters, 12, 982–998.
Roberts, T., Hague, C., Roberts, G., & Punter, L. (2002). The seven lamps of planning. The
Town Planning Review, 73(1), 1.
Rosenzweig, M. L. (2003).Win-win ecology: How the earth's species can survive in the midst of
human enterprise. Oxford: Oxford University Press.
Roy, A. H., Rhea, L. K., Mayer, A. L., Shuster, W. D., Beaulieu, J. J., Hopton, M. E., ...
Amand, A. S. (2014). How much is enough? Minimal responses of water quality and
stream biota to partial retroﬁt stormwater management in a suburban neighborhood.
PLoS One, 9, e85011.
Roy, A. H., Wenger, S. J., Fletcher, T. D., Walsh, C. J., Ladson, A. R., Shuster, W. D., ...
Brown, R. R. (2008). Impediments and solutions to sustainable, watershed-scale
urban stormwater management: Lessons from Australia and the United States.
Environmental Management, 42, 344–359.
Rumming, K. (2004). Hannover Kronsberg handbook, planning and realisation. City of
Hannover: Hannover.
Rupprecht, C. D. D. (2017). Ready for more-than-human? Measuring urban residents'
willingness to coexist with animals. Fennia, 195, 142–160.
Ruskin, J. (1849). The seven lamps of architecture. London: Waverley Book Co.
Sailor, D. J. (2008). A green roof model for building energy simulation programs. Energy
and Buildings, 40, 1466–1478.
Saunders, D. A., Hobbs, R. J., & Margules, C. R. (1991). Biological consequences of
ecosystem fragmentation: A review. Conservation Biology, 5, 18–32.
Serret, H., Raymond, R., Involute, J. C., Clergeau, P., Simon, L., & Machon, N. (2014).
Potential contributions of green spaces at business sites to the ecological network in
an urban agglomeration: The case of the Ile-de-France region. Landscape and Urban
Planning, 131, 27–35.
Shaw, A., Miller, K., & Westcott, G. (2013). Wildlife gardening and connectedness to
nature: Engaging the unengaged. Environmental Values, 22, 483–502.
Snep, R. P., WallisDeVries, M. F., & Opdam, P. (2011). Conservation where people work:
A role for business districts and industrial areas in enhancing endangered butterﬂy
populations? Landscape and Urban Planning, 103, 94–101.
Standish, R. J., Hobbs, R. J., & Miller, J. R. (2013). Improving city life: Options for
ecological restoration in urban landscapes and how these might inﬂuence interac-
tions between people and nature. Landscape Ecology, 28, 1213–1221.
Steiner, F. (2011). Landscape ecological urbanism: Origins and trajectories. Landscape and
Urban Planning, 100, 333–337.
Straka, T. M., Lentini, P. E., Lumsden, L. F., Wintle, B. A., & van der Ree, R. (2016). Urban
bat communities are aﬀected by wetland size, quality, and pollution levels. Ecology
and Evolution, 6(14), 4761–4774.
Taylor, E., Butt, A., & Amati, M. (2017). Making the blood broil: Conﬂicts over imagined
rurality in Peri-urban Australia. Planning Practice and Research, 32(1), 85–102. http://
dx.doi.org/10.1080/02697459.2015.1028252.
Tews, J., Brose, U., Grimm, V., Tielborger, K., Wichmann, M. C., Schwager, M., & Jeltsch,
F. (2004). Animal species diversity driven by habitat heterogeneity/diversity: The
importance of keystone structures. Journal of Biogeography, 31, 79–92.
Threlfall, C. G., Ossola, A., Hahs, A. K., Williams, N. S. G., Wilson, L., & Livesley, S. J.
(2016a). Variation in vegetation structure and composition across urban green space
types. Frontiers in Ecology and Evolution, 4, 66. http://dx.doi.org/10.3389/fevo.2016.
00066.
Threlfall, C. G., Walker, K., Williams, N. S. G., Hahs, A. K., Mata, L., Stork, N., et al.
(2015). The conservation value of urban green space habitats for Australian native
bee communities. Biological Conservation, 187, 240–248.
Threlfall, C. G., Williams, N. S. G., Hahs, A. K., & Livesley, S. J. (2016b). Approaches to
urban vegetation management and the impacts on urban bird and bat assemblages.
Landscape and Urban Planning, 153, 28–39.
Tonietto, R., Fant, J., Ascher, J., Ellis, K., & Larkin, D. (2011). A comparison of bee
communities of Chicago green roofs, parks and prairies. Landscape and Urban
Planning, 103, 102–108.
TRCA/CVCA (Toronto and Region Conservation Authority, Credit Valley Conservation
Authority) (2010). Low impact development stormwater management planning and
design guide, version 1. Toronto. Retrieved from https://cvc.ca/.
Tyrwhitt, J. (2015). Society and environment: A historical review. With an introduction by
Ellen Shoskes. London: Routledge.
Vačkář, D., Chobot, K., & Orlitová, E. (2012). Spatial relationship between human po-
pulation density, land use intensity and biodiversity in the Czech Republic. Landscape
Ecology, 27, 1279–1290.
Venturi, R., Brown, D. S., & Izenour, S. (1972). Learning from Las Vegas. Vol. 102.
Cambridge, MA: MIT press.
Vergnes, A., Kerbiriou, C., & Clergeau, P. (2013). Ecological corridors also operate in an
urban matrix: A test case with garden shrews. Urban Ecosystems, 16, 511–525.
Von Haaren, C., & Reich, M. (2006). The German way to greenways and habitat networks.
Landscape and Urban Planning, 76(1), 7–22.
Waldheim, C. (2012). The landscape urbanism reader. Chronicle books.
Walsh, C. J., Booth, D. B., Burns, M. J., Fletcher, T. D., Hale, R. L., et al. (2016). Principles
for urban stormwater management to protect stream ecosystems. Freshwater Science,
35, 398–411.
Walsh, C. J., Fletcher, T. D., & Burns, M. J. (2012). Urban stormwater runoﬀ: A new class
of environmental ﬂow problem. PLoS One, 7(9), e45814 (45810.41371/journal.-
pone.0045814).
Walsh, C. J., Roy, A. H., Feminella, J. W., Cottingham, P. D., Groﬀman, P. M., & Morgan,
R. P. (2005). The urban stream syndrome: Current knowledge and the search for a
cure. Journal of the North American Benthological Society, 24, 706–723.
Welbergen, J. A., Klose, S. M., Markus, N., & Eby, P. (2008). Climate change and the
eﬀects of temperature extremes on Australian ﬂying-foxes. Proceedings of the Royal
Society B, 275, 419–425.
Whiston-Spirn, A. (1984). The granite garden: urban nature and human design. California:
Basic Books.
Wiesel, I., Freestone, R., & Randolph, B. (2013). Owner-driven suburban renewal:
Motivations, risks and strategies in ‘knockdown and rebuild’ processes in Sydney,
Australia. Housing Studies, 28, 710–719.
Williams, N. S. G. (2005). Management strategies for preventing weed invasion in urban
grasslands. Plant Protection Quarterly, 20, 12–16.
Williams, N. S. G., Lundholm, J. T., & MacIvor, J. S. (2014). Can green roofs help urban
biodiversity conservation? Journal of Applied Ecology, 51, 1643–1649.
Witherington, B. E. (1992). Behavioral responses of nesting sea turtles to artiﬁcial
lighting. Herpetologica, 48(1), 31–39.
Wolman, A. (1965). The metabolism of cities. Scientiﬁc American, 213(3), 173–198.
Zhang, Q., Han, R., Huang, Z., & Zou, F. (2013). Linking vegetation structure and bird
organization: Response of mixed-species bird ﬂocks to forest succession in subtropical
China. Biodiversity and Conservation, 22, 1965–1989.
K.M. Parris et al. Cities xxx (xxxx) xxx–xxx
10
